Valine and Tryptophan play a role of being a precursor for protein synthesis. Glycation is a non-enzymatic reaction causing dehydrating condensation between the carbonyl group of glucose and the α-amino group of amino acids. Glycation of tryptophan forms two types of glycated compounds, Amadori product and (1R,3S)-1-(D-gluco-1, 2,3,4,5-pentahydroxypentyl)-1,2,3,4-tetrahydro-β-carboline-3-carboxylic acid (PHP-THβC). In case of valine, only Amadori product is formed by glycation. These compounds are lack of the α-amino group, which might not make glycated amino acids be a precursor for protein synthesis. It is known that glycation proceeds more readily in chickens than in mammals because hyperglycemia and high body temperature are features in avian species. In this study, therefore, we attempted to evaluate nutritional value of glycated valine and tryptophan as a precursor for protein synthesis. Myoblasts from chicken embryos were incubated in valine or tryptophan-free medium supplemented with or without insulin-like growth factor-I (IGF-I). In this cell culture system, the effect of glucose-valine Amadori product supplemented in the valine deficient medium was compared to that of supplemented valine. The effect of PHP-THβC supplementation was also examined. Protein synthesis and degradation of myoblasts were measured using a radioactive tracer, [ 3 H]-phenylalanine. Protein synthesis of chicken embryo myoblasts was not affected by the addition of glucose-valine Amadori product into valine-deficient medium. When IGF-I was added in the medium, and the addition of PHP-THβC into tryptophan-deficient medium increased protein synthesis of chicken embryo myoblasts, but the extent of elevation of protein synthesis was lower than that in case of tryptophan supplementation into tryptophan-deficient medium. In the absence of IGF-I, PHP-THβC did not increase protein synthesis. These results suggest that valine-glucose Amadori product and PHP-THβC does not have nutritional value for being a precursor of protein synthesis.
Introduction
It is well known that branched-chain amino acids (leucine, isoleucine and valine) have the potency to stimulate protein synthesis. Especially, leucine has an anabolic effect on protein metabolism by increasing the rate of protein synthesis (Alvestrand et al., 1990; Nair et al., 1992; Blomstrand et al., 2006) . Leucine can also directly activate the signaling pathway of mammalian target of rapamycin complex 1 (mTORC1) (Dodd and Tee, 2012) . In chickens, we reported that leucine could increase protein synthesis of chicken embryo myoblasts as well as mammals (Oki et al., 2007) . Compared to leucine, however, the information about valine, which is also one of branched amino acids, on protein synthesis of chicken embryo myoblasts has been limited.
Tryptophan is one of essential amino acids and some of its metabolites have multiple physiological functions (Oxenkrug, 2007; Le Floc'h et al., 2011) . For example, a neurotransmitter, serotonin, is biosynthesized from tryptophan and has an important role for sleep and emotional moods (Silber and Schimitt, 2010) . Tryptophan can also be a precursor of niacin that is a member of vitamin B group and prevents pellagra.
It is well known that Maillard reaction, so-called glycation, is easily proceeded in diabetic patients. Glycation is a non-enzymatic reaction causing dehydrating condensation between the carbonyl group of glucose and the amino group of amino acids. Although features of α-amino acids are dependent on side chain, they have a basic skeleton composed of amino group and carboxyl group. Glycation of amino acids leads to the formation of Schiff base which rearranges to more stable Amadori product.
Proteins are high molecule weight linear polymers in which amino acids bind each other by dehydrating condensation between the carbonyl group of one amino acid and the amino group of another. Since glycated compounds are lack of the α-amino group, these compounds might lose the capability to synthesize peptide bond with other amino acids. Recently, we revealed that approximately 10% of tryptophan in the chicken plasma was glycated to form two types of glycated tryptophan (glucose-tryptophan Amadori product and (1R,3S)-1-(D-gluco-1,2,3,4,5-pentahydroxypentyl)-1,2, 3, 4-tetrahydro-β-carboline-3-carboxylic acid (PHP-THβC)) (Röper et al., 1983; Nishimagi and Kita, 2012) . This finding would suggest the depression of nutritional value of amino acids due to a lack of α-amino group (Makino et al., 2015) . Therefore, in this study, we attempted to verify the nutritional value of glucose-valine Amadori product and PHP-THβC for protein synthesis in the in vitro culture of chicken embryo myoblasts.
Materials and Methods
In the present study, two experiments were conducted. In Experiment 1, the influence of glucose-valine Amadori product and PHP-THβC on protein synthesis of chicken embryo myoblasts was examined. Thirty fertilized eggs of single comb White Leghorn chickens were purchased from a local hatchery (Koiwai Farm Co., Ltd, Shizukuishi, Iwate, Japan). Myoblasts from embryos were prepared as described previously (Kita and Makino, 2014) . Briefly, fertilized eggs were incubated for 19 days, and embryos were taken from eggs. After decapitated, breast muscles (M. pectoralis major) were removed and minced finely with scissors. Minced muscles were gently digested using 0.25% (w/v) trypsin, pipetted several times and passed though the gauze to remove the crumble of muscle. Cells were seeded in a Type-1 collagen-coated 48-well plate (Becton Dickinson Labware, Bedford, MA, USA) with Medium 199 (GIBCO, Life Technologies Japan, Tokyo) including 2.5 μg/ml amphotericin (GIBCO), 100 units-100 μg/ml penicillin-streptomycin (Biological Industries, Kibbutz Beit Haemek, Israel), 50 μg/ml gentamycin (GIBCO) and 10% fetal calf serum (Biological Industries) and incubated at 37℃ in 5% CO 2 /95% air (v/v). To evaluate the nutritional value of glucose-valine Amadori product as a precursor for protein synthesis, either valine or glucose-valine Amadori product was added into valinedeficient Medium 199 (Cell Science and Technology Institute, Inc., Miyagi, Japan) with or without 20 ng/ml of chicken IGF-I (GroPep Bioreagents Adelaide, Australia). Like glucose-valine Amadori product, to evaluate the nutritional value of PHP-THβC as a precursor for protein synthesis, either typtophan or PHP-THβC was added into tryptophan-deficient Medium 199 (Cell Science and Technology Institute Inc.) with or without 20 ng/ml of chicken IGF-I (GroPep Bioreagents). The levels of valine and glucosevaline Amadori product were based on the valine concentration (214 μM) in Medium 199, and the concentration of supplements were set at 0, 10.7, 21.4, 53.5, 107 and 214 μM (0, 5, 10, 25, 50 and 100% of valine in Medium 199) . The preparation of glucose-valine Amadori product was as follows: the 2 M glucose solution containing 10 mM valine incubated 37℃ for 3 days. Glucose was removed by cationexchange resin (Dowex 50W-X8). Glucose-valine Amadori product were eluted from resin by 3 M ammonia, then vacuum-dried to reduce volume. The concentrated solution was fractionated using HPLC and the exact mass of valine and glucose-valine Amadori product in the fraction was measured by double-focusing magnetic sector mass spectrometer to confirm the absence of valine. The levels of tryptophan and PHP-THβC were based on the tryptophan concentration (49 μM) in Medium 199, and the concentration of supplements were set at 0, 2.45, 4.9, 12.25, 24.5 and 49 μM (0, 5, 10, 25, 50 and 100% of tryptophan in Medium 199) . The preparation of PHP-THβC was described previously (Makino et al., 2015) and the absence of tryptophan and glucose-tryptophan Amadori product was confirmed by double-focusing magnetic sector mass spectrometer. And then, L-[2, 6-3 H] phenylalanine (Amersham Life Science, Ltd., Tokyo, Japan) was added into the medium, in which the radioactivity was 37 kBq/ml. After further 1 day of incubation, the medium was drawn away and cells were rinsed with ice-cold Medium 199. The intracellular free amino acids were removed by rinsing with ice-cold 5% (w/v) trichloroacetic acid (TCA). After discarding TCA, cells were rinsed with ice-cold DPBS, and the supernatant was removed. Then, 400 μl of 0.5M NaOH/0.1% (v/v) Triton X-100 was added into the well and incubated at room temperature for 30 min. After dissolving protein by pipetting, the radioactivity in NaOH/Triton X-100 solution was measured using a liquid scintillation counter as an index of protein synthesis.
In Experiment 2, the influence of PHP-THβC on protein degradation of chicken embryo myoblasts was examined. Chicken embryo myoblasts were prepared as described in Experiment 1. To measure protein degradation, myoblasts were incubated in Medium 199 with 10% FCS containing L-[2, 6
Results

Influence of Glucose-Valine Amadori Product on Protein Synthesis
Protein synthesis of chicken embryo myoblasts incubated in the medium with various concentrations of valine or glucose-valine Amadori product is shown in Table 1 and Fig.  1 . There were interactions among additive, level and IGF-I. Valine added into the valine-deficient medium increased protein synthesis of myoblasts. IGF-I added in the medium reinforced the stimulatory effect of valine to increase protein synthesis. On the other hand, there was no significant influence of glucose-valine Amadori product addition into the valine-deficient medium on myoblast protein synthesis
Influence of PHP-THβC on Protein Synthesis
Protein synthesis of chicken embryo myoblasts incubated in the medium with various concentrations of tryptophan or PHP-THβC is shown in Table 2 and Fig. 2 . There were interactions among additive, level and IGF-I. When IGF-I was added into the medium, a small amount of supplemented Makino et al.: Nutritional Value of Glycated Amino Acids tryptophan largely increased protein synthesis. In the presence of IGF-I, protein synthesis elevated gradually along with increasing PHP-THβC supplementation. In the medium without IGF-I, the supplementation of tryptophan elevated protein synthesis slightly but significantly. On the other hand, PHP-THβC added into the medium did not elevate protein synthesis Influence of PHP-THβC on Protein Degradation Table 3 and Fig. 3 show protein degradation of chicken embryo myoblasts incubated in the medium with various concentrations of tryptophan or PHP-THβC There was no interaction among three factors, and a significant interaction between additive and IGF-I was observed. Regardless of IGF-I supplementation into the medium, addition of tryptophan did not affect protein degradation of myoblasts. In the absence of IGF-I, PHP-THβC accelerated protein degradation of chicken embryo myoblasts by 114% of control (0% of tryptophan supplementation). 
Discussion
Both glucose-valine Amadori product and PHP-THβC are non-enzymatic glycated amino acids in which the α-amino group of amino acid and the carbonyl group of glucose are bound each other. Due to the lack of the α-amino group, it is supposed that glucose-valine Amadori product and PHP-THβC may not be able to form peptide bond and become a precursor of protein synthesis. In this study, we did not evaluate the nutritional value of glucose-tryptophan Amadori product because the sufficient amount of pure glucosetryptophan Amadori product has not been available. But PHP-THβC also lose the α-amino group, which is possible to verify the hypothesis that glycation may lessen the nutritional value of amino acids. For evaluating nutritional value of glucose-valine Amadori product and PHP-THβC, we investigated protein synthesis and degradation of chicken embryo myoblasts by adding glycated amino acids into a single amino acid deficient medium.
As shown in Fig. 1 and Table 1 , valine added into the valine-deficient medium increased protein synthesis of chicken embryo myoblasts regardless of IGF-I supplementation. And supplementation of IGF-I could enhance the stimulatory effect of valine supplementation on myoblasts protein synthesis. On the other hand, there were not any effects of glucose-valine Amadori product on protein synthesis of chicken embryo myoblasts cultured in the valinedeficient medium. This result suggests that glucose-valine Amadori product would have little nutritional value and could not be substituted with an essential amino acid, valine.
As shown in Table 2 and Fig. 2 , a decline of protein synthesis due to tryptophan deficiency in the culture medium was recovered by supplying 5% (2.45 μM) tryptophan in the presence of IGF-I. The similar trend was observed when PHP-THβC was added into the tryptophan-deficient medium. However, PHP-THβC did not increase protein synthesis of chicken embryo myoblasts in the absence of IGF-I. These results indicated that the increase in myoblast protein synthesis by PHP-THβC could be observed only when PHP-THβC acted interactively with IGF-I.
As represented in Fig. 1 , although glycated valine did not have any influence of protein synthesis cultured in the valinedeficient medium, glycated tryptophan slightly increased protein synthesis of chicken embryo myoblasts in the presence of IGF-I. It has been reported that there is an enzyme named fructosamine-3-kinase, which phosphorylates glycated compound and results in deglycation of Amadori product. (Delplanque et al., 2004) . This enzyme is highly distributed in heart, kidney, brain and skeletal muscle of chickens and has the substrate specificity (Delplanque et al., 2004) . If this enzyme has more highly specificity for glycated tryptophan than glycated valine, it might be possible to provide tryptophan from glycated tryptophan due to deglycation.
Insulin-like growth factor-I (IGF-I) of chickens has been characterized to consist of 70 amino acids (Ballard et al., 1990) . Similarly in mammals, the growth rate of chickens, which varies widely under various nutritional conditions, is closely related to the plasma IGF-I concentration (Kita et al., 1996; Rosebrough et al., 1996; Kita and Okumura, 1999) . It is also indicated that protein breakdown was reduced by IGF-I in chicken embryo myoblasts (Duclos et al., 1993; Tomas et al., 1998) . In the present study, as shown in Fig. 3 , addition of more than 12.25 μM of PHP-THβC accelerated protein degradation in absence of IGF-I. Interestingly, as shown in Fig. 2 , protein synthesis was observed by adding PHP-THβC in the absence of IGF-I. These results suggest that the influence of PHP-THβC on both protein synthesis and degradation might be modulated by IGF-I. However, the role of IGF-I on the modulation of protein synthesis and degradation has not been clarified so far, which should be elucidated in the near future.
In conclusion, it is revealed that glucose-valine Amadori product and PHP-THβC do not have a role as the precursor for protein synthesis. But PHP-THβC slightly increased protein synthesis of chicken embryo myoblasts in the presence of IGF-I. PHP-THβC would have the potency to modulate the growth promoting activity of IGF-I.
